Estimating the population attributable fraction (PAF) of melanomas due to sun exposure is challenging as there are no unexposed population nor reliable exposure data. In high incidence countries, a historic cohort of the South Thames cancer registry was used as a minimally exposed population using the formula PAF 5 (observed incidence-incidence in minimally exposure)/observed incidence. In this study, we apply this method, constructing a minimally exposed cohort for Colombia and also using the historical South Thames data, using melanoma incidence data from the population-based cancer registry of Cali, Colombia for the period 1967-2012. The historic cohort incidence rates were very similar to those of Thames, but cohort effects were smaller for women and nonexistent for men. Age-specific incidence rates of these minimally exposed cohorts were applied to recent population numbers. For females, PAFs were 19% using the historic Thames cohort and 25% using the historic Cali cohort, corresponding numbers for males were 62% (vs. Thames) and 0% (vs. Cali). Taking into account the incidence rates of acral melanomas, which are not sun related, the PAF increased in women to 26% (vs. Thames) and 34% (vs. Cali) and for men 77% (vs. Thames). This exercise shows the modest contribution of exposure to ultraviolet radiation in the burden of melanoma in low-incidence countries, as well as the importance to take into consideration the acral lentiginous melanomas.
Sun exposure is one of the main risk factors for cutaneous malignant melanoma, one of the most aggressive skin cancers. The International Agency for Research on Cancer (IARC) concluded that exposure to sunlight and ultraviolet radiation are known carcinogenic for humans (Group 1) in their reports on sun exposure 1 and sunbed use. 2 Most of the skin cancer prevention recommendations worldwide are logically focused on sun protection.
In fair skinned populations, around 90% of the melanomas occur in sun exposed skin, with the most frequent subtype being the superficial spreading melanoma. Among populations of (recent) African descent, Hispanics, Asians, or Native Americans, up to 67% of melanomas occur on nonsun-exposed areas of the skin, mostly being acral lentiginous melanomas (ALM), which are assumed to be unrelated to solar exposure. [3] [4] [5] [6] Colombia (South America) is a country localized on the equator with year-round high UV index levels, where most of its population lives in the Andean Mountain areas, where the altitude causes even higher UV levels. 7 It has different ethnic groups: 49% mestizo, 37% white (mostly Hispanic descendants), Afrodescendants 10.6% and indigenous 3.4%. 8 Age-standardized melanoma incidence rates of 2.9 per 100,000 person-years for females and 3.1 for males are low compared with Australia, Europe and North America. 9 In
Colombia, the ALM appears to be the most frequent type of melanoma. 10, 11 It is not easy to estimate the attributable fraction of sunlight for melanoma because there is no unexposed population. The Population Attributable Fraction (PAF) is the fraction of all cases of disease in the population that can be attributed to the exposure, in this case the sun. Usually, the exposed population is compared with an unexposed population and the difference in rates or numbers is then attributed to the risk factor under study. However, for sun exposure, there is no unexposed population as all human beings are to a certain degree exposed to sunlight. Parkin proposed a solution by estimating incidence rates of a "minimal exposed population," to calculate a PAF for England. 12 This method consists of estimating melanoma incidence rates of historic cohorts, which were much less exposed to sunlight compared with the current population because of the different cultural habits. A historic cohort was constructed (birth cohort 1903) based on data from the South Thames population-based cancer registry data using age-period-cohort models. 12 Age-specific melanoma incidence rates from the 1903 cohort were compared with those for the year 2010, resulting in a PAF of 85.9%. The same methodology was used in Australia using the same 1903 birth cohort from South Thames, resulting in a PAF of 95%. 13 It is likely that more countries will want to estimate PAF for sun exposure and melanoma, and it is unclear if the South Thames 1903 cohort is a useful representation of minimally exposed cohorts in non-British populations. Only few countries have time series of population-based incidence available for a sufficiently long period to be able to construct historical minimally exposure cohorts.
In this study, we apply the method of calculating PAF based on comparing expected numbers applying age-specific incidence rates of historical minimally exposed populations cohorts to recent population data. Considering the large differences in geographic localization and therefore amount of sun exposure naturally received, the differences in pigmentation and cultural habits, we assumed historical rates may differ between Colombian and English 1903 cohorts, and therefore used both a Colombian and the South Thames 1903 cohort.
Methods

Data
Our models were based on the published melanoma incidence rates in the period 1962-2012.
14 These data served both for the observed rates in the period 2008-2012 as well as for the construction of the "minimally exposed cohort" (described below in the section of age-period-cohort modelling).
Age-period-cohort modelling
We used two minimally exposed cohorts: the 1903 Thames birth cohort as constructed by Parkin et al. based on the Thames cancer registry data, 12 and the cohort constructed based on the long-term Cali cancer registry data (data since 1962). Construction of the latter was based on age-periodcohort models modelled in the APC package of R. Graphical inspection of the available incidence data showed large fluctuations in the first period, and at very high and very low ages, therefore only data for the period 1967-2012 and ages between 30 and 79 years were taken into account for the analysis. The model was fitted for males and females separately. Based on the model fit statistics, we selected the most parsimonious fitting model and based on this model, we reconstructed the expected age-specific melanoma incidence rates for the 1903 birth cohort of Cali.
Acral lentiginous melanoma data
Since we know that part of the cutaneous melanomas is most likely not sun-related, namely the ALM, we used the data collected in the framework of a special project executed at the population-based cancer registry of Bucaramanga, where a dermatologist revised the medical history of all melanoma cases known registered in the period 2000-2009, in order to complete and correct data on melanoma morphology and detailed anatomical localization. Melanomas, which were classified by the pathologist as invasive ALM (ICDO3 morphology code 8744/3), and melanomas occurring on the feet or hands, including fingers and nails, were for the purpose of this study classified as ALM. Sex-and age-specific incidence rates of ALM where calculated.
Calculation of the PAF
The PAF was calculated using the formula: PAF 5 Io -Ip/Io, with Io being the observed incidence and Ip the incidence in the minimally exposed population. 13 For this study, we had two Ip populations: one for the historic cohort of Thames and another for the historic cohort of Cali. The rationale behind using these two historical cohorts is to evaluate how much the incidence rates in the Cali versus South Thames populations differed for 1903, thereby The Io were the observed melanoma incidence rates in the cancer registry of Cali in the period 2008-2012. 14 The age specific Ip-rates were multiplied by the age-and sex specific population sizes to
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obtain expected numbers for 2008, which were compared with the observed 2008 numbers and the PAF was calculated according to the formula indicated above. As this calculation does not take into account the ALM incidence rates, which are not related to sunlight and which most likely are stable over time and across populations, 5 we additionally calculated a set of PAFs taking into account the age-and sexspecific incidence rates determined as described above. These ALM-specific rates (Ia) were subtracted from both the Ip and Io data, in order to obtain a PAF for melanomas excluding ALM, using the formula:
Results
The APC models did not show any period or cohort effect for males based on the population-based cancer registry of Cali, but we did observe a cohort effect for females, with a slope for each age category of increase of rates of 1.35, and a cohort slope for each subsequent birth cohort of 1.06. The age-and sex specific observed (Io) and modelled (Ip: males and females for Thames 1903 and female Cali 1903 birth cohorts) incidence rates as well as the age-specific ALM rates are depicted in Figure 1 .
Based on these age-specific melanoma incidence rates and the population data for Cali for the period 2008-2012, we calculated the population attributable risks presented in Table  1 . Using the Parkin method without correction for ALM, we observed a PAF for females of 25% (Cali 1903 cohort) and 19% (Thames 1903 cohort). Excluding the ALM rates from both the Io and Ip, the PAFs for non-ALM melanomas were 34 and 26%, respectively.
Of note are the relatively minor differences in all-age PAF between the use of the Cali 1903 and the Thames 1903 birth cohort in females. As no time trends were observed in males, and hence no historical cohort was constructed (which would be identical to the current observed data in absence of the time trends), PAF for the Cali 1903 male cohort would be expected to be 0 or very close to 0. On the contrary, the use of the Thames 1903 male cohort resulted in all-age PAF of 62%, and excluding ALM this increased to 77%.
Generally, for the younger age group the absolute differences (in rates) were small, but the relative differences (PAF) were larger, due to the smaller overall burden of melanoma in this age group but the larger increases observed over time, as can be appreciated in Figure 1 .
Discussion
Our findings clearly indicate that, at least for women, the age-specific melanoma incidence rates of the theoretically minimally exposed population as was constructed for the Thames 1903 birth cohort, and which was used for PAF estimations of sunlight and melanoma in the UK and Australia, are similar to those of the Cali 1903 cohort. 12, 13 This finding came as a surprise, considering the large differences in population ethnic background, culture and sun exposure.
Our results also show the importance of taking into consideration in the estimations the melanoma subtypes which are most likely not related to sunlight (at least for predominantly non-white populations, such as is the case in Colombia). The proportion of ALM in these non-Caucasian populations is substantial, and therefore the proportion of melanomas in the "theoretically minimally exposed" populations is not negligible, as may be the case for populations, which are predominantly of Caucasian descent.
Similar to the observations in the UK, but different to those from Australia, the PAFs in our study were higher among the younger age groups, because the main increases in incidence were observed in these relatively young age categories, causing small absolute, but larger relative contributions to the melanoma burden. illustrates the clothing style in 1933 in Cali, with women having their shoulders and at least upper arms covered and men using long sleeves. Currently, clothing style in Cali often leaves the shoulders and arms uncovered. No age-periodmodel cohort fitted the male melanoma data of Cali. Indeed, time trends were not observed among males, whereas slight increases were observed in females, but also numbers in each period were smaller for males.
14 Probably, if the population size had been larger, fluctuations in trends would have been smaller and perhaps some historic cohort could have been constructed. However, with the available data, the only comparison we could make was with the Thames 1903 cohort, limiting interpretation of the male date.
Compared to high-incidence countries, the time trends in the melanoma incidence in Colombia have been very modest, whereas time trends have been increasing sharply in highincidence countries.
14 Consequently, current age-standardized melanoma incidence rates in Colombia (2.9 per 100,000 person-years for females, 3.1 for males) are low compared with rates observed in North-western Europe (14.6), North America (13.8), Australia (34.9) and New Zealand (35.8). This is probably partly due to the different ethnic mix in these populations, being a mix of African-American, Indigenous, Asian and European descent in Cali, 8 and for a much larger proportion of European descent in the other populations, and partly due to the geographic localization of Colombia, practically at the equator and therefore with year-round high UV index levels, where clothing habits and fashion of tanning has probably had a much more modest influence. In past decades, a substantial proportion of the (mainly male) population had outdoor work and probably had similar sun exposure as is currently the case, therefore trends are quite different from observations in countries with traditionally low sun-exposure.
Another approach would be to do a large study to estimate sunlight exposure, which is a very difficult exercise: one would need to measure current and past sun exposure, patterns of exposure (chronic versus intermittent), age of the exposure, place of exposure, etc., 15 an almost impossible exercise to do on population level.
These alternatives do not seem viable, and although the current approach has its limitations, it is built on real data and the results make sense. The high level of similarity between the UK and Colombian "minimally exposed cohorts" in females are surprising, given the large differences between the population and geographic circumstances, but do provide some degree of support to the usefulness and wide applicability of this method.
The major strength of our work lies in the population-based cancer registry nature of all our data. The only estimates which were used were those resulting of the age-period-cohort modelling of observed data. This means that the quality of our estimates rely on the quality of the cancer registry, with both the Thames and the Cali population-based cancer registries having a long-standing reputation of high-quality data (having both been included in the Cancer Incidence in 5 Continents Series since the first reporting periods), the long time-series have been of acceptable to high quality since the 1960's. However, there is a possibility that the observed time trends and incidence data are a result not only of changes in disease risk factors, but also in detection and diagnosis rates of melanomas, and completeness of the cancer registry. Melanoma is a relatively difficult disease to register, as many patients may be treated in outpatient setting. However, as melanomas are according to protocol sent to pathology, both the clinical as the pathology information sources in principle are covered by the cancer registries and therefore the chances of melanomas not being registered are limited.
In conclusion, reducing sun exposure could avoid up to 19-25% of all female and up to 62% of male melanomas. Restricting the analysis to non-acral melanomas only, this proportion was larger. Historical female incidence data were very similar for the Cali and South Thames population. These PAF are much lower than estimates for England and Australia, illustrating the lower potential of primary prevention though sun protection. In Colombia it is important to study and prevent exposure to other melanoma risk factors in order to reduce incidence and mortality of this disease.
